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Social-ecological systems found in coastal zones make it one of the complex environments 
globally. The result of this social-ecological interaction is often unsustainable use of coastal 
resources. Integrated Coastal Zone Management (ICZM) has been recommended and used to 
manage the complexities that exist in coastal areas. ICZM involves a holistic approach to coastal 
resource management. However, for effective ICZM and planning, it is vital to obtain necessary 
information of changes that have occurred in the coastal zone. The study assesses land 
use/landcover and shoreline changes in the coastal zone of Greater Accra, Ghana, using simple 
GIS methods. Higher erosion rates were observed in the eastern part of the region, in the Volta 
estuary than on the western side, in Accra. Results from landcover changes showed significant 
decrease of vegetation within Greater Accra, with the highest decreases found closer to the coast 
from 1996 to 2017. However, there were considerable increases in mangroves found within the 
Densu Delta and Ada, Volta River estuary. Land use/urbanization was high near the coast between 
1996 and 2002, it started expanding into the peri-urban areas of Greater Accra between 2002 and 
2017. Integration of Google Earth and Landsat satellites images proved to be useful in determining 
changes in shoreline and land use/landcover in the region. The availability of these satellite images 
can be useful to minimize the challenge of data accessibility in data poor regions like Greater 
Accra. The results obtained in this study can be useful to inform management decisions on ICZM 
in the region. 













Coastal zone is the transition area between terrestrial and marine components of the earth’s surface, 
and considered to be one of the most perturbed areas in the world (Crossland et al., 2005). 
‘Perturbed’ as used here, describes the unsettled nature of the coastal zone. The sea is dynamic 
and its movement inland and outward affects the terrestrial environment found therein. The interest 
of human populations in the resources that coastal zones provide, contributes to migration, 
increased human activities and industrialization of the coast.  
There are widely repeated statements such as ‘50% of the world’s population live within 60 km of 
a shoreline’ (Small & Nicholls, 2003). If such statements are to go by, then the number of people 
who live in proximity to the coast in recent times are expected to increase (Prasad & Kumar, 2014). 
Direct activities of human use e.g. fishing, excavation or indirect activities e.g. recreation, cause 
different stresses on coastal environments (Andersen et al., 2020). This results in human pressures 
on coastal ecosystems which cause modifications that expose vulnerable coastal areas to flooding 
and destruction of habitats for coastal species (Prasad & Kumar, 2014), for example, the 
conversion of coastal vegetation into built environment. Moreover, over exploitation of coastal 
resources following increased human pressures cannot be ignored. 
There are, however, natural causes of coastal change dynamics. Primary causes of coastal 
morphological changes are related to climatic and physical processes (Addo, 2011), such as waves, 
tides, wind, extreme climatic events and sea level change. Strong winds generate waves and deflate 
fine grained sediment from beaches, causing movement of rock particles onshore, alongshore and 
offshore are major causes of shoreline change in most coastal countries (Addo, 2011). Increase in 
sea level has the potential to erode sandy shores and cause erosion of the shoreline (Portner et al., 
2019). The effects of climate change on coastal transformations and especially shoreline retreat 
cannot go unnoticed. McDonnel (2019) projected rising sea levels and worsening storms that could 
increase the number of people displaced by these factors beyond 200 million by 2050. Thus, 
coastal ecosystems and settlements will be affected leading to high risks for human communities, 
particularly fishers, in low-lying coastal areas.  
Land use/landcover change (such as changes in vegetation cover, urbanization, port expansion, 
industrialization) and shoreline dynamics are two highly noticeable changes that occur in coastal 
zones. These changes directly and significantly impact on the social, economic and ecological 




in land use and landcover of coastal areas. It is estimated that over 3 billion of the world population 
live in coastal cities in the world (Creel, 2003). To achieve socio economic gains, coastal regions 
go through a series of land use conversions. Migration toward the coast, and often urbanization 
and industrialization of the coast result in clearing down arable land and vegetation to be converted 
to build environment (Stow et al., 2013). Synergistic effects of both increased human pressure, 
activities and climatic as well as natural processes lead to significant transformation of coastal 
vegetation.  
One major vegetation type found in coastal areas are mangroves, which are often used as biological 
indicators of coastal dynamics (Blasco et al., 1996). Mangroves are dominant along many tropical 
and subtropical coastlines and one of the most productive ecosystems on earth, providing food, 
medicine, timber, and carbon storage, serving as nursery grounds for fish and other organisms, and 
protecting coastlines from disturbances (Kirui et al., 2013). Despite the benefits mangroves 
provides, their existence is threatened by human factors (Twumasi et al., 2017) and natural 
processes like storms, changes in rainfall, sea level and tidal regimes (Thinh & Hens, 2017). 
Mangroves may often be affected by the socioeconomic benefits that communities derive from its 
use.  
Other land use related phenomena such as urbanization, industrialization and port expansion, 
significantly affect coastal environment. Landcover in coastal areas are susceptible to frequent 
changes as a result of these anthropogenic factors. Economic and social benefits such as 
employment, trade etc. may often be prioritized than ecological benefits during these 
transformations. Thus, knowledge about the rate of changes taking place in land use and land cover 
in coastal zones is critical to successful sustainable management. Kudale (2010) found negative 
impacts of port development on littoral drift and changes in seabed geomorphology leading to 
erosion on the littoral down drift side of such construction activities. This means that, seaward 
reclamation of land can cause changes in shoreline movement along the coast. Increasing 
population along the coast also impacts negatively on ecosystems. Mangrove depletion, 
destruction of watershed, fisheries habitats and unsustainable management of waste among others 
result in changes of the coast (Creel, 2003). 
One major problem in coastal regions is erosion of the coastline. Shorelines are important to 
protecting coastal communities. They also serve as a protection to coastal ecosystems and the 




face of global environmental changes especially for coastal communities and countries (Prasad & 
Kumar, 2014). Shoreline retreats lead to destruction of coastal communities submerged in water 
(McDonnel, 2019). This affects the economical and habitability of coastal regions (Gill, 2014 cited 
in Hassan & Rahmat, 2016). According to recent IPCC reports, coastal areas will experience 
adverse impacts such as submergence, coastal flooding and coastal erosion in the near future due 
to sea level rise as a result of climate change (Portner et al., 2019; Wong et al., 2013). Thus, it 
demands protection of shorelines in the world to sustain the social, ecological and economic 
benefits coastal zones provide. One vital way to achieve this is by mapping and monitoring 
shoreline dynamics and understanding the dynamics. 
Effective coastal planning and management are prerequisite for sustainable coastal development. 
Holistic and integrated approaches which encompass the various components of the coastal zone 
have recently been developed, such as Integrated Coastal Zone Management (ICZM) and 
Ecosystem Based Management (EBM) (Forst, 2009). These approaches consider the coastal zone 
as a social-ecological system and connect marine and terrestrial elements of coastal zones. For 
successful implementation of such an approach, mapping, monitoring and understanding 
spatiotemporal changes of the coastal environment is critical. This study seeks to understand the 
spatiotemporal changes of three important components of the coastal zone i.e. shoreline change, 
land use and landcover changes of Greater Accra.  
Changes that occur in coastal systems are often geographic and related to space, because ‘almost 
everything that happens, happens somewhere and knowing where something happens can be 
critically important’ (Longley et al., 2015). Geographical Information Systems (GIS) provides a 
key tool/platform to integrate social, natural and physical science approaches to understand the 
time and space variability of dynamics underlying the social ecological system. A GIS is a set of 
computer tools designed to efficiently capture, store, update, manipulate, analyze, and display all 
forms of geographically referenced information (Fedra & Feoli, 1998). GIS has proven to be a 
useful tool in assessing land use/landcover changes and monitoring shoreline movement patterns 
and change (Boateng, 2012; Misra & Balaji, 2015; Muttitanon & Tripathi, 2005). The abilities of 
GIS make it a fundamental part in the planning process and management of integrated coastal 
ecosystems. 
This study aims to assess the coastal transformation in the coast of the Greater Accra region of 




similar challenges to coastal zones globally. Ghana aims towards and integrated coastal zone 
management as seen from several International conventions like the UN Convention on Biological 
Diversity, 1992.  Ghana has also introduced legislations and policies such as The National 
Environment Policy (Amlalo, 2006) to help in effective management of its coastal zone. A vital 
contribution to achieve this aim is to investigate the transformations or changes that have occurred 
in the coastal area. The economic activity of Ghana’s coast such as agriculture, salt production, oil 
and gas exploration, sand and stone winning, recreational and industrial developments are the key 
drivers of the coastal transformations (Amlalo, 2006). These economic activities on the coast result 
in the migration of many people from the inland of Ghana to the coast resulting in densely 
populated parts along the coast (Stow et al., 2013). This explains why although Ghana’s coastal 
zone represents about 6.5% of the land area of the country yet houses 25% of its population with 
the small strip of the coast hosting about 80% of the industrial establishments in the country, 
according to Amlalo (2006). 
Several researches on the coast of Ghana and the Greater Accra region attribute coastline erosion 
to natural and physical processes like; rising sea level, wind and wave action and the morphology 
of rock make-up of the coast (Addo, 2009; Addo et al.,2012; Jonah et al., 2016). However, 
anthropogenic factors like destruction of coconut trees that fringe the coastline and serve as wind 
breaker, and sand and pebble extraction from the coast as major contributors to the problem 
(Awosika & Folorunsho, 2005). Not only does erosion of the coastline affect the morphology of 
the coast, but affect the socioeconomic activities like tourism and cultural heritage sites along the 
coast (Addo, 2011). 
There has however been limited research on the entire coast of the Greater Accra region, with the 
few mostly focusing on parts of the coast (Addo, 2011; Addo et al., 2012; Addo et.al., 2008). Also, 
there is limited research in changes in land use/landcover (urbanization or built environment and 
vegetation) on the coast of Greater Accra (e.g. Twumasi et al., 2017). To achieve objectives of a 
holistic coastal management, knowledge about coastal changes becomes a necessity, this is lacking 
as seen from previous research. This study, however, brings together the three components 
(shoreline, urbanization or built environment and coastal vegetation; mangroves) and assess the 
spatiotemporal changes that have occurred with them. These components were chosen due to their 




One of the major challenges in most of the developing countries like Ghana is the lack of reliable 
datasets (both shoreline position and land use/landcover) to assess these changes (Addo et al., 
2008). In this study an attempt will be made to address this challenge and add to previous 
knowledge, by using simple, freely available and easily accessible remotely sensed images e.g. 
Landsat and Google Earth, to come up with a methodology that can be useful to coastal managers 
with limited data availability. 
1.1 Objectives of study 
The social, economic and ecological importance of the coastal area of the Greater Accra region 
demands attention by coastal managers. There is a need for holistic assessment of the shoreline 
and land use/landcover changes in coastal zones in space and time to inform management 
decisions. Thus, the overarching objective of this study is: to assess the transformation or changes 
that have occurred on the coast of Greater Accra region using Geographical Information System 
(GIS) and remote sensing as a tool. To achieve this, three specific objectives are proposed: 
1. To assess shoreline dynamics (erosion and accretion) in the Greater Accra region between 
1986 and 2018 
2. To assess landcover/land use on the coast of the Greater Accra region between 1986 and 
2017. 
3. To develop simple methods using freely and openly available GIS data (Landsat and 
Google Earth) to assess coastal transformation in a data-poor region. 
 This thesis is organized to achieve these specific objectives. Chapter 2 introduces the study area 
and the coastal zone of Greater Accra region. Chapter 3 discusses the literature context of coastal 
dynamics and methods to study them. In chapter 4, detailed methods are explained to answer each 
research objective. Chapter 5 presents the results and follows the research objectives. Chapter 6 
discusses the findings of the various methods employed and whether the objectives of the study 
are accomplished and make remarks about the study. And Chapter 7 concludes the study with a 








2 Study area 
This chapter introduces the coastal zone of the Greater Accra region, and the physical and social 
ecological components in the region. 
Greater Accra (Figure 1), the region that houses the capital city of the Republic of Ghana is chosen 
as the area of interest for this study due to the booming socio economic activities found on its 
coast. It is the point of entry into Ghana and its location on the coast of Ghana makes the region 
an ideal place for recreation and other hospitality firms e.g. hotels and restaurants, to take 
advantage of the economic boom. The population in the region rose to 4,943,075 at the end of 
2019, from 4,010,054 in the 2010 census (GSS, 2019). Economic activities in the coastal area in 
the region include; manufacturing companies, ports and harbors, fishing, agricultural activities and 
recreation (Awosika and Folorunsho, 2005). Despite the economic benefits gained in the coastal 
area, it faces numerous problems including pollution, erosion, impact of fisheries, habitat and 
biodiversity loss (Awosika and Folorunsho, 2005). 
Temperatures in the region are quite high with monthly average of about 30oC in the warmest 
month and about 26oC in the coldest month, and average wave height in the area of about 1.39m 
and average period is about 10.91seconds (Awo et. al., 2013). The make-up: with various natural 
ecosystems (lagoons and estuaries) and the natural processes that cause changes in the morphology 
of the coast make it an interesting area of study.  
The coast of Greater Accra lies between the Eastern and Central coast of the entire coast of Ghana 
(Boateng, 2012). Thus, it shares both the characteristics of the geomorphology of Eastern and 
Central coasts with a mixture of sandy and shorelines and/between rocky headlands (Boateng, 
2012). The direction of littoral drift along the coast from the central to the Eastern part, allows for 
sediment transfer of the unconsolidated and poorly consolidated rocks on the coast of Accra (Addo, 
2011) to other parts of the coast. The high and medium energy that characterize the coast of Greater 
Accra, coupled with its sandy beaches, watershed inlets and unconsolidated nature of its rock 
formations, make it susceptible to coastal erosion. 
Towards the extremities of the coastline of Greater Accra, on the West and East coasts are 
mangrove forests. Ghana has six mangrove species, but two common ones are the red (Rhizophora) 




soils along the coast (Gordon, 2012). Mangroves in the region are under threat from coastal 
pollution, overexploitation, salt production, sand winning etc. (Amlalo, 2006). Other vegetation 
types are also seen in the Greater Accra region like sea grasses, shrubs and dense forested areas. 
 
Figure 1. Map of Study Area. 
2.1 Coastal changes in Ghana 
The coasts of West Africa host major cities, agro-industries, fisheries and abundance of natural 
resources which provides important ecosystem services (worldbank.org/waca, 2018). Despite the 
socioeconomic potential of the coasts, the extent of pressures from anthropogenic activities cannot 
be overlooked.  Coastal erosion, overexploitation of natural resources; such as fisheries and sand 
mining, rapid urbanization and unsustainable land use which leads to conversion of arable and wet 
lands into built structures, are sources of major challenges facing these coastal zones (LDN, 2017). 





resulted in over exploitation of coastal resources like mangrove forests, estuaries, leading to coastal 
erosion, forest losses and human made pollutants (Mensah, 1997). 
Ghana, a coastal country on the coast of West Africa with an approximated shoreline of 550 km, 
is not exempted from the challenges and transformations of coastal areas around the world. The 
coastal zone of Ghana hosts more than a quarter of the country’s population and contributes to 
about 80% of the country’s annual marine catch, with a coastline classified as mainly high-energy 
type coast (World Bank, 2018). The coastlines of Ghana are threatened by both anthropogenic and 
natural factors that cause changes in shoreline movements. There is a complex interplay between 
geographical and geological conditions, and natural hydrodynamic and infrastructure and 
existence of sand mining activities, that impact negatively on the coastal zone of Ghana (LDN, 
2017). 
According to Ly (1980), the coast of Ghana can be divided into three zones based on 
geomorphologic characteristics; the western, central and eastern. He described the western coast 
to be made up of flat and wide beaches backed by a lagoon. The central coast is made up of an 
embayed coast of rock headlands and sand bars enclosing coastal lagoons as well as 
unconsolidated rock sediments that are exposed along the shoreline after wave action. The eastern 
coast is made up of a sandy shoreline and is characterized by an eroding delta. Boateng (2012) 
describes the eastern coast with a length of about 149 km, that stretches from Aflao (Togo Border) 
in the East to the West of Prampram. It is described as a high-energy coast with wave heights that 
often exceed 1 meter in the surf zone (Ly, 1980). The Central coast is regarded as medium energy 
wave action and spans about 296 km of shoreline from the west of Prampram to Cape Three Points; 
the south-most point of Ghana. Lastly, the West coast covers only 95 km of the entire shoreline 
and it is regarded as a low energy beach extending from the Ankobra river estuary to the border 
with La Cote D’Ivoire. The net littoral drift on the coast of Ghana is from the west coast to the 





Figure 2. Longshore drift and division of Ghana’s coastline; adopted from Boateng (2012: 4) 
Coastal erosion poses a serious threat to life and properties of Ghana as the coastal zone houses 
25% of the nation’s population and hosts about 80% of the industrial establishments including two 
international ports; Tema and Tarkoradi ports (Amlalo, 2006). Major factors that lead to erosion 
along the coast of Ghana include natural, physical factors like, high wave energy and storms that 
drive or move soft sediment and sand alongshore due to the soft geology of some areas along the 
coast and coastal mining as well (Jonah et al., 2016). Also, expected sea level rise on the shores of 
Ghana as a result from global climate change is expected to exacerbate the problem of coastal 
erosion (Jarraud & Steiner, 2012). With an expected increase from 2 mm/yr. to potentially as much 
as 6 mm/yr. (Addo et al., 2012).  
Ghana has an estimated 12,000 ha. of mangroves along its coast with the largest areas being in the 
Volta Delta and in the Western region (Gordon, 2012). Per the estimated area, he estimated direct 
economic benefit of mangroves including ecosystem services like erosion control, carbon 
sequestration, provision of biomass for the food chain, at US$ 20 million. However, despite these 
economic benefits, the mangroves are under threat. Mangroves are usually cleared to make way 




2005). It has been reported that overexploitation of mangroves for domestic and commercial 
purposes have aggravated the soil erosion problem (Addo et al., 2012). 
Despite these challenges facing the coast of Ghana, the country does not have a holistic policy or 
integrated plan for the management of coastal erosion, even with the current 2014 National 
Environmental Policy in place (Jonah et al., 2016). It is even perceived that protection measures 
on the coast of Ghana are proposed based on urgency (LDN, 2017).  Thus, management continues 
to be traditional, reactive and dominated by hard engineering approaches, which comes along with 
their own peculiar problems to the coastal environment (Jonah et al., 2016). 
Previous studies on coastal transformation in Ghana have been limited to shoreline erosion (Addo 
et al., 2008; Boateng, 2012; Jonah et al., 2016; Ly, 1980), with most of them focusing on different 
parts of the coast. However, not much is done on the Greater Accra regional coast, the region that 
hosts the capital of the Republic of Ghana. The coast of the region is of importance, because it lies 
between the eastern and central coast of Ghana (Ly, 1980), thus, affected by both affected by high 
and medium wave energy on the coast. It also has higher migration to the coast due to the fact that 
it is the most developed part of Ghana coastlines (Boateng, 2012), containing many industrial and 
recreational establishments in Ghana. 
Also, as almost all the studies fall in the area of shoreline changes, there is limited knowledge and 
research on the temporal changes of vegetation and mangrove as well as urbanization changes on 
the coast of Greater Accra. This research seeks to build on former studies and bridge this gap by 
attempting to combine shoreline change, urbanization and mangrove/coastal vegetation changes 










3 Literature Review and Conceptual Framework 
This chapter reviews related literature and provides the conceptual and theoretical frameworks for 
the study. It follows the theme and research objectives of this study. 
3.1 Coastal zones/areas 
Coastal zones are described as ever-changing, an environment of mystery, a timeless, eternal place 
where at the same moment the rhythms of nature are so incredibly visceral and immediate 
(Lawrence, 1996). They are considered as one of the most attractive places of the world due to 
their aesthetic beauty and the resources that they provide. The economic, social and environmental 
services that are provided by coastal zones make them worthy of research. But to understand the 
dynamism and complexities of the coast, a clear definitive criterion of what comprises a coastal 
zone should be emphasized. There have been different contentious approaches and practices to 
define coastal zones (Burke et al., 2001). An approach to define the coastal zone needs to vary 
according to the type of problem or the issue being addressed and the objective of management 
(Crossland et al., 2005). Therefore, the definition chosen for what constitutes a coastal zone could 
be argued to be subjective; depending on the objectives of research and management. 
Lawrence (1996) gives a broader definition of coastal zones as dynamic interface zones where 
land, water, and atmosphere interact in a fragile balance that is being altered by natural and human 
influence constantly. This definition encompasses everything from land to the sea and gives room 
to make subjective and objective oriented sub definitions of coastal zones. He argues for this by 
emphasizing the flexibility of what the coastal zone contains. He argues that the coastal zone is 
significantly affected by anthropogenic factors and some of these activities occur at great distances 
from the coast. Thus, a definition of coastal zone should stretch to the extent of influences that 
affect the zone, including the entire watershed or river basins, which drain into coastal waters. 
However, Hinrichsen (1998 as cited in Burke et al., 2001) defines coastal zone in specific terms 
as ‘that part of the land most affected by its proximity to the sea and that part of the ocean most 
affected by its proximity to the land’. The proximities used in this definition excludes farther 
distances that may not contribute the ‘most’ effect on land and sea within the zone. This definition 
also allows for consideration of marine fisheries since nearly two-thirds of all fish harvested 
depend upon coastal wetlands, seagrasses, and coral reefs for various stages in their life cycles 
(Burke et al., 2001). For the purposes of this study, these two definitions were chosen as they best 




and mangrove areas of the study area is considered in this thesis. Mangroves are examined in this 
study due to their productivity and importance to fisheries. In Ghana, the coastal zone is defined 
as the area below the 30m elevation which represents about 7% of its land area (Boateng, 2006) as 
seen in Figure 1. That means, everything that falls within this area is included as part of the coastal 
zone. That includes 20,900 km2 continental shelf and 218,100 km2 of its Exclusive Economic 
Zone (EEZ) (Boateng, 2006). This area houses most of the industries and businesses and habitat 
to coastal organisms. However, this definition was not considered for the purposes of this study. 
This study does not focus on ocean use, but the terrestrial part of the coastal zone and encompasses 
all terrestrial and inland aquatic areas that have most effect on the coast. This includes river inlets, 
lagoons and settlements close to the coastline. 
3.1.1 Social and Ecological System (SES) analysis 
The complexities of the coastal zone require a comprehensive management system. Social contexts 
of multiple use, different forms of ownerships, and conflicts in resource use demands 
interdisciplinary methods for SES (Forst, 2009; Glaeser et al., 2009). Consideration of the coastal 
zone as a common property of which stakeholders have equal rights and access, has led to 
unsustainable use and conflicts between users. To resolve such conflicts and preserve the coastal 
resource, a new management approach that integrates managing human and bio-geo-physical 
coastal environments is needed. It is also seen that the social and ecological systems in the coastal 
zone cannot be studied and managed in isolation (Redman et al., 2004). They form a social-
ecological system that needs a holistic and integrated approach to study. Thus, a holistic 
management model in the late 1960s and early 1970s in the United States (Forst, 2009) was 
established to manage this social-ecological system.  
That marked the dawn of Integrated Coastal Zone Management (ICZM). Integrated Coastal Zone 
Management (ICZM) is a broad concept that aims toward ‘an integrated approach to planning and 
management of the coastal zone, in which all policies, sectors and to the highest possible extent, 
individual interests are properly taken into account, with proper consideration given to the full 
range of temporal and spatial scales, involving all stakeholders in a participative way’ (Hassanali, 
2014). Based on the general system theory, ICZM is a continuous, iterative and multidisciplinary 
process that brings together government and community, science and planning, public interest by 
promoting and implementing an integrated plan for sustainable development of coastal ecosystems 




common property that exists in coastal areas and insisted on vestment of community interest (Forst, 
2009).  
Later, Ecosystem based management (EBM) became a household name for sustainable use of 
marine resources (Forst, 2009). Introduction of EBM in coastal resource management requires an 
integrated approach to decision-making across human uses of ecosystem services to prevent 
unsustainable use (Cowan et al., 2012). Since the mid-1990s, management objectives have focused 
on ecosystems and the view that humans are integral to ecosystems in the EBM approach (Forst, 
2009). The development of EBM has become the core of the ICZM process and implementation. 
The ability of ICZM to comprehensively integrate both natural and social science research makes 
it a potential to become a pilot concept for social-ecological systems (SES) analysis (Glaeser et 
al., 2009). According to Glaeser et al. (2009), SES relies on interdisciplinary knowledge of the 
social ecological system that needs incorporation of human behavior in its analysis. However, 
although ICZM possesses the capabilities to pilot SES analysis, historical review of its 
implementation shows a lack of appreciation of context-based information (ibid). This deficit 
implies that important information is often forgone in ICZM implementation. For a balanced SES 
analysis, the combined social ecological systems need to be understood, this means understanding 
the source and role of changes in the system (Glaeser et al., 2009).  
Integration of spatial and temporal dimensions of  coastal resource systems (physical changes of 
environment, resource-use patterns and socioeconomic setting), ensures an address to its issues 
adequately (Thia-Eng, 1993). This means that implementation of ICZM requires knowing and 
integrating changes that have occurred in the coastal zone in management and planning. The first 
stage of the ICZM process defines the context with which the program will unfold and requires 
accumulation of all vital information needed for planning (Forst, 2009). This may require extensive 
research on all social ecological components and changes that might have occurred spatially and 
temporally. This study focuses on three elements of change in the social ecological system of the 
coastal zone i.e. shoreline, urbanization and vegetation. Understanding these changes can help 





3.2 Coastal dynamics 
Coastal dynamics  are the changes that occur within the coastal zone. These changes are attributed 
to anthropogenic and natural factors. This dynamism and constant change are usually caused by 
natural processes like waves, wind, storms, hurricanes, that cause variations in the make up of the 
coast on spatial and temporal scale (Lawrence, 1996). It is expected that coastal environments 
show resilience after these natural processes. However, human impact changes the routines of 
natural processes on coastal zones and can have synergistic impacts on these regions through 
coastal transport, physical restructuring of the environment, chemical contamination and 
harvesting living and nonliving resources, among others (Crossland et al., 2005).  
Two effects of change in coastal zones that are of importance due to their impact on the 
socioeconomic system and the coastal environment are shoreline change and land/ocean use in 
these regions. They are both affected by natural and anthropogenic drivers. Communities live in 
proximity to the coast, thus any change in shoreline i.e. accretion or erosion, affect the 
socioeconomic lives of these communities. On the other hand, humans exploit coastal resources 
and restructure the coastal environment through land use. Exploitation of coastal vegetation and 
mangroves is expected to have an effect on the natural ecosystem of coastal zones. Also, the more 
people migrate to the coast because of the resources and services it provides, the more natural 
environments are converted to settlement and built environments to accommodate humans. Thus, 
shoreline changes and land use in coastal zones are important to be examined. The subsequent 
subsections discussed these two aspects. 
3.3 Shoreline changes 
Shorelines or coastlines? Murray (2001) defines coastline as the edge of the land which is at the 
limit of normal high tides often marked by the seaward boundary of terrestrial vegetation. While, 
the shoreline is the water’s edge, ‘it moves to and fro depending on the rise and fall of tides’, so 
that there is ‘a low-tide shoreline, a mid-tide shoreline and a high-tide shoreline’. However, this 
distinction is lost when the coastline and shoreline are regarded synonyms. In this thesis, the 
coastline and shoreline is used as synonyms and interchangeably as this is often used as such by 
researchers (for example  Prasad & Kumar, 2014). 
The expressions used by Murray (2001); ‘moves to and fro depending on rise and fall of tides’ and 
ranging from ‘low-tide shoreline, a mid-tide shoreline and a high-tide shoreline’, show the 




state of the shoreline can be classified as Eroding i.e. landward retreat, Equilibrium i.e. generally 
stable, and Accreting i.e. seaward extension (Salghuna & Bharathvaj, 2015), and may occur 
interchangeably along an entire coastline. Despite its dynamism, Lawrence (1996) described these 
areas as dynamic yet adaptable, explaining this based on the resilience and ability of these areas to 
recuperate when allowed to continue its evolutionary process. Thus, there is a creation and 
destruction of coastline during an entire evolutionary process that could be caused by natural 
processes like wave action and wind direction. Yet, Caldwell (1949) argues that, there is a delicate 
balance between the forces that erode the beach by carrying away the sand and the forces that tend 
to deposit sand onto the beach from other areas; accretion (Kotinas et al, n.d.). Thus, one cannot 
only rely on the natural resilience and the ability of the coastline to recuperate to deal with the 
challenges that result from unsustainable use of coastal resources.   
The shoreline is important to sustenance of fringe communities and protection of the ecosystems 
found on the coast. Humans have bounds with the coast, this is seen as many communities are built 
near the coast. Proximity of human communities to the coasts and the resources it provides make 
the coastline an important area of research because of its dynamism and to be able to plan 
management strategies.  The changes in shoreline are mostly attributed to wave actions, tides, 
winds, periodic storms, sea-level change and geomorphic processes of erosion and accretion and 
human activities (Salghuna & Bharathvaj, 2015).  Wind processes move fine sand as a result of 
wave actions and deposit them along the coasts in different areas (Lawrence, 1996). 
Changes in shoreline movements in the last decades are often attributed to climatic conditions due 
to sea level rise (Kotinas et al., n.d.). Douglas (1997) and Peltier & Jiang (1997) estimated an 
increase of Sea Level up to 1 meter until 2100 and as a result, will have a large impact on coastal 
evolution in future (Kotinas et al., n.d.). However, Lawrence (1996) projected future sea level rise 
to a level of 2 meters by the year 2100. The point is, if these estimates are to go by, then it should 
be expected that more people and communities are to be displaced as a result of sea level rise. One 
cause of rising sea levels is global warming and climate change. There has been an observed 
warming of the world at an average temperature of 0.85oC between 1880 and 2012 which is 
dominantly influenced by anthropogenic factors (Allen et al., 2018). The effect of an averaged 
1.5oC of warming experienced global will have profound alterations to human and natural systems 
leading to sea level rise, floods, loss of biodiversity and risk to vulnerable persons and populations 
(Allen et al., 2018). Coastlines are first to experience the effect of sea level rise as they are in close 




eroding and submergent coastlines (Kotinas et al., n.d.). The importance of coastline changes can 
never be over emphasized, due to its importance to humans and the flora and fauna and the 
ecosystems it supports. A devastating change in coastlines can result in damaging economic 
consequences and destruction of a disproportionate number of rare and endangered species found 
only in a narrow band along the coast, especially in coastal wetlands habitats (Lawrence, 1996). 
Changes in shoreline movements cannot be spoken of without a mention of human factors that 
exacerbate these changes through land use. The natural land cover (vegetation: mangroves, 
seagrass and salt marshes) not only serve as habitats for many coastal organisms but help to protect 
coastlines from erosion. A review of their importance and human effects on coastal changes is 
discussed in the next subheading. 
3.4 Land use and landcover in coastal areas 
3.4.1 Vegetation and mangroves  
Resources of the coastal zone provide job opportunities and serve as a source of recreation for 
people. The more people migrate to the coast, there is an increase in stresses placed on coastal 
zones by the use of limited resources and exceeding its carrying capacity (Lawrence, 1996). There 
of found different vegetation cover such as mangroves, sea grass, shrubs and salt marshes in coastal 
areas. One of the most important resources found in most tropics and subtropics is mangrove forest. 
They are found in sheltered estuaries and along riverbanks and lagoons, the shade and lights they 
provide shelter fish and crabs and a source of spawning grounds for most fisheries (FAO, 2007). 
Mangroves’ importance in coastal ecosystems range from protection of coastlines, creating habitat 
to a variety of coastal flora and fauna to providing socio economic services to the communities in 
coastal regions and carbon sequestration. They are also found to be one of the most carbon rich 
forests in the world. Donato et al. (2011) found 25 mangrove forests across a broad area of Indo-
Pacific region; where mangrove area and diversity are greatest, to contain an average of 1,023 Mg 
carbon per hectare, making mangroves one of the most carbon rich forests types. From this, one 
can only imagine how much carbon dioxide, a greenhouse gas, will escape into the atmosphere 
owing to deforestation and other anthropogenic activities on mangrove forest.  
Carbon sequestration is not the only importance of mangrove forest in the ecosystem, mangroves 
are known to protect coastlines from eroding. Thampanya et al. (2006), in their research to find 




coastal accretion and mangrove density in specific areas. This may be due to the ability of 
mangroves to trap suspended particulate matter from land and sea. The protective ability of 
mangrove forest is witnessed by communities closer to them. Badola et al. (2012) explored the 
attitude of people towards mangrove forest. They found a higher number of people living close to 
mangrove forest were more appreciative of the land erosion prevention function of mangroves. 
There is also a relationship between density of mangrove forest and its ability to protect coastlines. 
Spalding et al. (2014) found that it may take several kilometers of mangrove forest to have a major 
impact to stop any large storm, however one cannot overlook the reality of mangroves’ ability to 
offer significant protection to coastlines. 
Mangroves are also known to support conservation of biological biodiversity of the coast by 
providing habitats and spawning grounds, nursery and nutrients to several animals (FAO, 2007). 
One important area is the fisheries mangroves support. They are known to support a wide range of 
commercial and non-commercial fish and shellfish. According to FAO (2007), destruction of 
mangrove forests has a linear relationship with decrease in fish catch, that, it is estimated that, for 
every hectare of forest cleared, nearby coastal fisheries lose some 480 kg of fish per year. 
Despite the importance of mangroves to protecting coastlines, conserving biodiversity and 
combating global warming through carbon sequestration, their abundance is under threat. This is 
mainly due to anthropogenic activities (damming, construction, deforestation etc.) and human 
exploitation of services that it provides (firewood, medicine, etc.). Conversion of mangroves to 
aquaculture and development of the coastal area into a built environment contribute to the 
destruction of mangroves and other coastal vegetation. This has been attributed to the attitude of 
policy makers’ and users’ perceptions of the direct use benefits provided by mangroves, gained 
from their exploitation, versus the indirect benefits, or ecosystem services, resulting from the 
conservation of this system (Badola et al., 2012). 
It is estimated that, the extent of mangrove forests has declined by 30-50% over the past half 
century as a result of coastal development, aquaculture expansion and over-harvesting (Donato et 
al., 2011) and it is argued that mangroves are currently disappearing at the rate of 1-2% annually 
(Barbier, 2017). However, not much is said about the state and rate of change of mangroves in 
countries with small quantities, sometimes not even included in data on the state of global 




cover in the study area and, assess the spatiotemporal changes that have occurred over the years 
as a knowledge contribution to this field of study and a basis for further study. 
3.4.2 Urbanization/ built-up 
There are other anthropogenic driven land use activities that cause changes in the coast. Recreation 
and tourism activities on the coast cannot be underestimated for its socioeconomic importance. 
Not only that, tourism has its own environmental benefits, by making people appreciate the value 
of conservation (Creel, 2003). However, tourism/recreational activities have the potential to effect 
changes along the coast. These changes (both in terrestrial and sea ward) may degrade coastal 
ecosystems or transform to more developed resilient systems. Creel (2003) also mentions the 
effects of urbanization on coastal ecosystems. Often, economic benefits of the coast 
(industrialization, settlements) are prioritized compared to its ecological importance. This leads to 
conversion of the natural landscape and vegetation, which offer protection to the coastline, into 
the built environment. 
A typical example of built structures (infrastructures) that occur in most coastal regions, is port 
construction. The creation and expansion of ports have economic importance to coastal countries. 
Increase ship traffic and increase industrialization around port areas for easy access to raw 
materials as well as provision of employment cannot be overlooked. Despite these benefits, the 
challenges that result from the vertical and perpendicular expansion of built structures along the 
coast need not be overlooked either. Port development causes undesirable erosion and accretion of 
the coastline by altering the natural process of littoral drift (Kudale, 2010). Such structures do not 
only alter the natural processes of the coast but affect coastal ecosystems as well. An example of 
such ecosystems is the coral reef. Coral reefs provide support for coastal fisheries and 
economically through tourism and recreation. However, Valadez-Rocha & Ortiz-Lozano (2013) 
found adverse effects of port activities on coral reefs. They found direct loss of reefs as a result of 
land-filling and perpendicular coastal construction, fragmentation and formation of patches due to 
construction activities and long-term modification of coastal dynamics as a result of such activities.  
This thesis aims to assess the spatial and temporal changes in urbanization, infrastructure 
development and port expansion in the study area. Furthermore, it aims to explore a relationship 
between coastal construction and shoreline changes along the longshore drift. Usually, coastal 




However, emphasis may not be given on the effects they may have on sediment transfer and the 
natural processes that occur along the coast. 
3.5 Methodologies in coastal change studies 
The importance of coastal changes to coastal ecosystems and communities have resulted in several 
developments in methods to assess these changes. Yu et al. (2011) documented the development 
of methodologies for shoreline assessment which began in 1807 by the establishment of the Survey 
of the Coast to improve the bathymetry and shoreline maps by President Thomas Jefferson. In 
order to avoid navigation problems, topographic maps were created and used by the US Geological 
Survey (USGS). Later in 1927 came aerial photography as the primary source of data for shoreline 
assessment. Landsat images from USGS have been the recent source of data for shoreline and land 
cover change assessments which have been available since the 1970s (Kim et al., 2011; 
www.usgs.gov) . These Landsat scenes have been made freely available from the USGS since 
2009, allowing easy and free access to historical archived images at 30 m pixel resolution making 
it possible to conduct repeated assessment of changes in shoreline movement (Yu et al. 2011; 
www.usgs.gov).  
Combinations of these data sources have been used to determine shoreline and land cover changes 
in previous research (Addo, 2011; Addo et al., 2012; Boateng, 2012; Yu et al., 2011). Ground 
truthing and ground control points are often needed to improve the accuracy of the topographic 
maps using Global Positioning Systems (GPS) in shoreline change assessments ( Addo, 2009). 
Instead of using Ground Control Points (GCP) from GPS observation, remote sensing derived 
information, such as percent impervious surface (Xian & Crane, 2005) have also been used to 
detect changes in Landcover and Land-use (LCLU). They defined anthropogenic impervious 
surfaces as impermeable features like roads, parking lots, rooftops to identify the spatial extent 
and intensity of urbanization. The common error to this method is to detect conversion of 
vegetation/forest cover to agricultural land, and/or seasonal changes in cultivated land (e.g. fallow 
season). However, NDVI image differencing techniques can be used to minimize errors (Masek et 
al., 2000). Thus, Normalized Difference Vegetation Index (NDVI) differencing can be applied to 
assess urban growth when filtered through landcover classification to remove effects of 
agricultural variability (Masek et al., 2000). 
Remotely sensed data have proven to be most part reliable, accurate in assessing changes 




mangrove are that it protects the health of the plants since the data is not collected in a destructive 
manner (Kumar et al. 2012). The use of NDVI differencing has also been used to assess changes 
in vegetation cover (Masek et al., 2000). This method could also be applicable in assessing changes 
in mangrove if the location of the mangrove forest is known. Simple methodologies like use of 
False Color Composite (FCC) images have been used to assess mangrove changes using the Red 
Green Blue (RGB) in Landsat TM sensor (Kumar et al. 2012; Twumasi et al. 2017). In such 
instances, what is vital is to be able to classify appropriately what constitutes a true mangrove from 
a false one (Kirui et al., 2013). I will use and explore the use of such simple methods which can 
easily be used and replicated by a GIS technician in a data poor region like Ghana. 
Despite the importance of remote sensing data for assessing the changes in the coastal zone, some 
high resolution satellite images and aerial photos are expensive to purchase and use for many 
countries, especially in developing countries (Addo, 2009; Kirui et al., 2013; Stow et al., 2013). 
They can also be time consuming when covering a large area of ground making repeatability 
difficult (Warnasuriya et al, 2018). Medium resolution Landsat images have thus been used to 
bridge these challenges since they are free and easily accessible and have relatively high temporal 
resolution. 
This study attempts to address the difficulty that is faced by many developing countries including 
Ghana, in terms of data sourcing and availability to assess changes in coastal areas. To achieve 
this, freely available medium resolution Landsat images are used. In addition, open data sources 
like Google Earth images are also used to assess coastal changes within three areas. Very few 
studies have utilized the use of Google Earth satellite images in mapping temporal and spatial 
changes in coastal ecosystems. One of the reasons could be that Google Earth images are different 
from other remote sensing images as they do not store the reflectance in the form of pixel values 
(Warnasuriya et al., 2018). However, this can be achieved by following similar methods used by 







4 Research Methodology 
This chapter explains the detailed description of the methods used in assessing shoreline and land 
use/landcover changes of Greater Accra as well as data used. 
4.1 Data sources and preprocessing  
Combinations of Google Earth and Landsat imagery were used to assess coastal changes that have 
occurred in the Greater Accra region of Ghana, 
Google Earth and digitizations: Google Earth provides and interactive digital map of the earth (for 
example see Figure 3). They are produced from mosaiced satellite images, aerial photographs and 
have varying high resolution (i.e. <1 m2) images in most regions (Duhl et al., 2012). Shorelines 
from 1986, 1990, 1998, 2008, 2016 and 2018 were digitized in Google Earth. Port areas, lagoons 
(Densu delta, Songor Lagoon, Sakumuno lagoon), the Achimota forest, mangrove areas, river 
inlets and major roads were all digitized using Google Earth (Figure 1). Also, other infrastructure 
developments such as sea defense walls, slum areas, hospitality and major hotels, port expansion 
and rocky beaches were digitized using Google Earth. Familiarity of the region and built structures 
like ports and lagoons served as ground control points (GCPs) during the digitization. I also relied 
on published literature and reports about the geomorphology of the shoreline and news articles of 
shoreline change effects of the region to get an overall idea about the geography and morphology 
of the coast in the region. This information was useful in accuracy assessment of the digitization 
process and expected results. 
Shorelines mark the boundary between the aquatic and terrestrial environment, but this boundary 
can be fuzzy in nature. Therefore, to assess shoreline changes, one must establish at which line the 
boundary falls. The common proxy to define shoreline position in shoreline data is the high water 
line (HWL) and describes the highest run-up of the last high tide, identifiable on the beach by the 
visually discernible wet/dry line (Jonah et al., 2016). HWL has its own limitations of short-term 
variability, however, it is generally deemed as a valid indicator of shoreline position and in some 
cases, it may be the only indicator available (Del Río & Gracia, 2013). The high-water line proxy 
was chosen as the method to digitize shoreline position in this paper because it was the only 
available indicator. 
Shorelines were extracted by digitizing the wet/dry line indicating shoreline position along the 




level of the Google Earth software but at a level that makes it clear and easy to distinguish the 
HWL. Dates and years with much cloud cover along the coast were exempted from the analysis 
due to the distortions that may affect the digitizing process of the shoreline. All digitized shorelines 
were then stored as KML (Keyhole Markup Language) file formats and exported to ArcGIS 10.7.1 
software.  
The digitized shoreline layers were projected to Universal Transverse Mercator (UTM) projection 
(Zone 30N). The layers were then managed in a personal geodatabase in the ArcGIS software. 
 
Figure 3. Google Earth image (2020) of the study area; Greater Accra region 
 
Landsat images: Landsat data was used to study land use/landcover changes in the coastal zone of 
Greater Accra because of its availability and accessibility. It has continuously been available since 
1972 featuring the first of its sensor (Multispectral scanner), the thematic mapper since 1982, the 
enhanced thematic mapper since 1999, and Landsat 8 since 2013, with resolutions that are able to 
incorporate specific features for land use and landcover studies (Taubenböck et.al., 2009, 
www.usgs.gov). Five Landsat image datasets were used to assess changes in land cover/land use 




acquired using U.S. Geological Survey (USGS) data acquisition platforms, Glovis and Earth 
Explorer (Table 1).  
Three bands were used in each Landsat data comprising of the Short-wave Infrared (SWIR), Near 
Infrared (NIR) and Red were used to compute Normalized Difference Vegetation Index (NDVI) 
and Normalized Difference Built-up Index (NDBI). In the Landsat 4-5 TM and ETM scanners, 
bands corresponding to the SWIR, NIR and R were 5, 4 and 3 respectively, while in the Landsat 
OLI-TIRS scanner, they were 6, 5 and 4 respectively. To avoid the introduction of atmospheric 
artefacts that could cause the classification errors, other bands were not included in the analysis 
(Buchanan et. al., 2008, cited in Kirui et al., 2013). The datasets were taken in different months: 
three in December and two in January. The criteria for choosing was dependent on the availability 
of images in the study area and image quality. Images with area scenes that were not affected by 
clouds were included in the analysis. Despite the challenges of variations in data of acquisition of 
the data, the use of different months and seasons in such analysis has been used to test the 
robustness of the similar methodologies used in similar research (Villa, 2012). Each dataset was 
projected to Universal Transverse Mercator (UTM) projection (Zone 30N), WGS 1984 datum for 
further analysis. The Landsat ETM+ of 2013 was only used for visual interpretation of land cover 
changes, not for quantitative change analysis due to inherent data gaps associated with Scan Line 
Corrector (SLC) failure. The Landsat TM in 1986 was also used for visual interpretation due to 
image quality. 
Table 1. Image source and spatial resolution of satellite images from Landsat used. 
Date  Sensor Image quality Path/row Spatial Resolution 
22/12/1986 Landsat 5 TM 7 193/056 30 
25/12/1996 Landsat 4 TM 7 193/056 30 
26/12/2002 Landsat 7 ETM 9 193/056 30 
06/01/2013 Landsat 7 ETM+ 
SLC off* 
9 193/056 30 
25/01/2017 Landsat 8 OLI TIRS 9 193/56 30 







4.2 Shoreline change analysis 
Analysis of shoreline change along the coast of Greater Accra was conducted using the Digital 
Shoreline Analysis System (DSAS), a GIS-based software produced by USGS (Thinh & Hens, 
2017). DSAS measures the differences between two or more shoreline positions within a time 
period and thus forms the basis for calculating shoreline changes (ibid). DSAS provides several 
statistical methods that can be useful in assessing shoreline changes, including the End Point Rate 
(EPR), Net Shoreline Movement (NSM), Linear Rate of Regression (LRR), Shoreline Change 
Envelope (SCE), and Weighted Linear Regression. 
NSM reports distance between the oldest and the youngest shorelines for each transect while the 
EPR which calculates rates, is produced by dividing the distance of shoreline movement by the 
time elapsed between the oldest and the most recent shoreline. The Linear Regression statistic is 
determined by fitting a regression line to all shoreline points for a transect. One advantage of LRR 
is that all the data are used in its computation, regardless of changes in trend or accuracy (Thieler 
et al., 2017). 
Three layers were created using DSAS 4.4 tool: shoreline layers which were made into a single 
shapefile, a baseline layer created landward to serve as reference to all the shorelines and a transect 
layer produced by casting a total of 1364 transects from the baseline at 100 m interval and lengths 
of 1000 m (Figure 4). This ensured that all transects crossed the shorelines used in the study. The 
Net Shoreline Movement, End Point Rate and Linear Rate of Regression were used to assess the 





Figure 4. Transects showing shoreline intersects. 
 
4.3 Land use/landcover change 
4.3.1  Vegetation cover changes 
The landcover was mapped to include all vegetation in the coastal region of Greater Accra. This 
was done to assess the pattern of changes of vegetation in relation to other land use types such as 
built-up. The region has different vegetation made up of coastal shrubs, salt marshes, sea grass, 
coconuts, mangroves and other forest types. Different false color composite combinations were 
used for visual interpretation of temporal and spatial patterns of vegetation and other land cover 
features (for example, Appendix 1).  
NDVI values are estimations of chlorophyll content present in vegetation, with higher values 
indicating healthy and dense vegetation, while lower values give indication of sparse vegetation 
(Hussain et al., 2019). NDVI computation and NDVI image differencing: change detection was 




4.3.1.1 Mangrove mapping 
For the detailed analysis, I focused on changing mangrove vegetation within built-up areas and 
mangrove areas.  To detect mangrove areas in the coastal region, mangrove forests were digitized 
from Global Forest Watch (GFW) globalforestwatch.org). GFW uses approximately 15,000 
Landsat scenes and 1,500 ALOS PALSAR (1×1 degree) mosaic tiles to create image composites 
of coastlines where mangroves are expected to exist (globalforestwatch.org). The digitized 
mangrove areas were merged to form two mangrove areas i.e. Ada mangroves and Densu delta 
mangrove areas (Figure 1). They were then further analysed using NDVI image differencing 
techniques (see section 4.4). 
4.3.1.2 Computation of NDVI 
Landsat scenes were clipped to the study area to assess changes in landcover/vegetattion along the 
coast. To measure these changes, the Normalized Difference Vegetation Index (NDVI) was 
computed for three separate datasets (1996, 2002, and 2017). NDVI has normally been used to 
assess changes in vegetation (Tucker, 1979). To derive NDVI, the following equation was used: 
NDVI= (NIR - R)/(NIR + R) 
Where in Landsat TM and ETM, near infrared (NIR) is Band 4 and Red (R) is Band 3  
And for Landsat 8 OLI-TIRS, NIR is Band 5 and R is Band 4. 
4.3.2 Land use (urbanization and built environment)  
I used the Normalized Difference Built-up Index (NDBI) to map the built-areas in Greater Accra. 
Urbanization in non-arid regions like in Accra, is known to replace vegetation (High NDVI) with 
built environment (Low NDVI), with sudden decreases in NDVI implying urban development 
(Masek et al., 2000). Thus, there is a relationship between vegetation changes and built-up 
environment. However, to derive changes in built up, different equations and band combinations 
were used. The Short-Wave Infrared (SWIR) and Near Infrared (NIR) bands in each Landsat image 
were used to calculate their relative Normalized Difference Built-in Index (NDBI). Following 
Hussain et al. (2019), NDBI was calculated using the equation: 
    NDBI = (SWIR – NIR)/ (SWIR + NIR) 
Where SWIR and NIR represent Band 5 and 4 in the TM and ETM+ sensors and Band 6 and Band 




Using several threshold values and visual interpretation of the Landsat color composite images 
and Google Earth images, NDBI values greater or equal to 0.2 were found best and used to classify 
and identify built-up areas. NDBI changes were then calculated by subtracting the first date image 
from the second date image to assess temporal changes in urban development. High NDBI values 
meant increase in built-up and lower values meant decrease in built-up. 
Three images of built-up areas were produced using 1996, 2002 and 2017 (Figure 12). The output 
images were used in image differencing and change detection techniques to produce final change 
maps. 
4.4 Change detection 
The NDVI for 1996, 2002 and 2017 were reclassified using a threshold value of 0.1 to highlight 
only vegetation areas within the study area. A combined image showing the extent of vegetation 
between 1996 to 2017 was produced (Appendix 2). Subsequent images derived from NDVI 
calculations were subjected to NDVI differences by subtraction to derive a map of NDVI change 
in which positive value represents ‘greening’ (increased vegetation) and negative value represent 
‘browning’ (decreased vegetation) and values near zero represent no change (Masek et al., 2000). 
Three images were produced: 1996-2002, 2002-2017 and 1996-2017. The resulting images from 
image differencing technique was subjected to visual interpretation (Muttitanon & Tripathi, 2005). 
To enhance the changes within the classified vegetation areas, a post-classification technique was 
employed using standard deviation threshold. Three images were produced: 1996-2002, 2002-
2017 and 1996-2017. The post-classification technique was conducted based on widely used 
standard deviation (σ) threshold value following methodology similar to Mancino et al. (2014). In 
this classification method, threshold value for different classes were defined as μ ± n·σ: where μ 
represents the change NDVI pixels digital number mean, and σ the standard deviation. The n factor 
defines the range of dispersion around the mean (Mancino et al., 2014). n factor of 2 was used to 
compute threshold values in this study. 2 σ has been used to determine anthropogenic land use 
changes (Jomaa and Keir, 2003) and reported as the optimal threshold value for two sites in 
Lebanon. 
The images produced were similar to images produced using NDVI differencing, however, this 
technique highlighted detailed spatiotemporal changes within the vegetation along the coast. The 
changes were then reported as percentages, graphs, areas and mean NDVI change values. Same 




produced i.e. 1996-2002, 2002-2017 and 1996-2017 were then subjected to change detection 






















5.1 Shoreline Change 
Six shorelines i.e. 1986, 1990, 1998,2008, 2016 and 2018 were used in the shoreline change 
assessment in the study region. Significant change in shoreline position over the last three decades 
was observed around the Volta River (Figure 5). Figure 6 shows End Point Rate (EPR) of shoreline 
position change in the Greater Accra region between 1986 and 2018.  
 
Figure 5. Result of shorelines and baseline along the coast. Much difference in shoreline positions 
is seen around the Volta river inlet near Ada Foah. 
Significant erosion was observed around the eastern side of Tema Port and was highest at the Volta 
River inlet (Figure 6). The highest accretion rate was produced around Tema Port. However, 
accretion and erosion rates were stable near the Densu delta and surrounding river inlets. Three 
change detection measurements were used: End Point Rate (EPR), Linear Rate of Regression 
(LRR) and Net Shoreline Movement (NSM). According to Thieler et.al., (2017),  






Figure 6. End Point Rate (EPR) showing accretion and erosion levels along the coast.  
Results from the analysis showed a similar trend of erosion along the shoreline with few locations 
of accretion. Average rates of retreat between 1986 and 2018 using EPR, LRR and NSM were 
4.66, 4.60 and 148.43 m/yr respectively for the entire period. Few areas showed accretion along 




The EPR, LRR and NSM all showed similar trends in shoreline position change along the coast 
(Figure 7). Apart from the Volta basin which showed high retreats, the rest of river inlets and 
lagoons showed minimal erosion. There were few consistencies along areas with rocky beaches 












Figure 7. Graphs showing comparison of erosion and accretion along the coast: a) EPR b) LRR 
and c) NSM. 
 
5.2 Land use/landcover changes 
5.2.1 Vegetation/NDVI change 
Significant changes in vegetation were observed in image differencing between 1996 and 2017. 
The results after NDVI image differencing show a decrease in vegetation cover in areas closer to 
the coast between 1996 and 2002. However, decreases in vegetation can be observed in farther 
distances away from the coast between 2002 and 2017. General changes in vegetation pattern are 
seen between 1996 and 2017, with major decreases close to the coast of Greater Accra. Three 
images were produced: between 1991 and 2017, between 1996 and 2002 and between 2002 and 





Figure 8. NDVI image differencing showing changes in vegetation cover from 1996 to 2017 
The results from post classification shows higher changes in vegetation from 2002 to 2017 than 
1996 to 2002 (Figure 9). It can be seen from the images that the decreases in vegetation within the 
study area were due to conversion of vegetation area into built environment, especially closer to 
the coast.  
Large vegetation areas close to the coastline decreased from 1996 to 2002 but there were increases 
within mangrove areas. There was a change in pattern in the 2002-2017 map, with areas previously 
occupied by decreased vegetation taken over by built up areas. A decrease in mangrove thickness 
is also observed in mangrove areas with moderate increases in other areas within mangroves. There 
is general reduction of vegetation in areas closer to the coastline from 1996 to 2017, but mangrove 












Vegetation decrease is higher in 1996-2002 (high decrease; 1.91%, moderate decrease; 15.05%) 
compared to 2002-2017 (high decrease; 0.1%, moderate decrease; 9.96%). However, this was 
compensated with increases in vegetation with the 2002-2017 period with high vegetation areas 
compared to 1996-2002 period (Table 2). Although NDVI values showed detailed changes in the 
vegetation cover gained from the NDVI differencing technique, most increases in vegetation are 
not seen in populated areas close to the coast (Figure10a and 10b). The increases are observed in 
mangrove areas and forested areas farther away from the coast. However, the general reduction of 
vegetation cover for the entire period, 1996-2017 recorded a moderate decrease of 11.79%, which 
is closer to 15.05% value for 1996-2002 period (Table 2). Most of these decreases occurred in 
areas farther away from the coast (Figure 9c). This could mean an extension of built-up areas away 
from the coast to farther distances due to overcrowding and inland migration. 
Table 2. Changes in vegetation based on NDVI from 1996-2017 
Class 1996-2002 
Area in ha 
2002-2017 
Area in ha 
1996-2017 












141.73 8.2 114.67 1.91 0.1 1.27 
Moderate 
Decrease 
1118.51 852.4 1067.67 15.05 9.96 11.79 
No 
Change 
2988.09 4318.86 6572.97 67.12 50.42 72.56 
Moderate 
Increase 
1051.52 2846.74 1016.11 14.15 33.23 11.22 
High 
Increase 
131.42 538.95 286.63 1.77 6.29 3.16 
 
5.2.2 Mangrove change 
Results from post-classification of mangrove areas within Densu delta and Ada showed significant 
patterns of increases between them (Table 3). 82.17% (119.52 ha) of mangrove areas moderately 






Figure 10. land use/landcover changes in Ada area mangroves between 1996 and 2017 
Most mangrove areas remained unchanged between 2002 and 2017 (92.63%), with very few 
increases: moderate increase; 4.58% and high increase; 2.78% in Ada area. Significant increase of 






Figure 11. Land use/land cover changes in the Densu delta mangrove area between 1996 and 2017. 
Arrows pointing to possible loss of mangroves. 
The results for mangrove areas within the Densu delta are however different (Table 5). Most areas 
gained increases between the time periods examined. A moderated increase of 74.55% was gained 
between 2002 and 2017 and, 92.04% between 1996 and 2017. Despite these increases however, 
observed losses in mangroves could be seen within the mangrove areas in the Densu delta (for 





Class Area in ha 
1996-2002 
Area in ha 
2002-2017 











No change 20.95 129.00 0.24 14.40 92.63 0.19 
Moderate 
increase 
119.52 6.38 125.51 82.17 4.58 96.74 
High 
increase 
4.99 3.88 3.99 3.43 2.78 3.08 
Table 3. Mangrove changes in Ada between 1996 and 2017 
 
Class Area in ha 
1996-2002 
Area in ha 
2002-2017 











No change 4.70 4.02 0.40 24.84 22.57 2.43 
Moderate 
increase 
13.79 13.29 15.13 72.92 74.55 92.04 
High 
increase 
0.42 0.51 0.91 2.24 2.88 5.53 
Table 4. Mangrove changes in Densu delta between 1996 and 2017 
 
5.2 NDBI change detection 
Spatiotemporal changes in built-up were observed from the results produced from NDBI 
calculation. NDBI was high at the coast in 1996, started increasing and moving outwards in 2002 
and had increased into the peri-urban centers and villages in the region that are not close to the 
coast in 2017 (Figure 12). The total area of built-up base on NDBI for 1996, 2002 and 2017 were 





Figure 12. Change in built-up areas in Accra: a) 1996, b) 2002 and c) 2017. Built-up areas are 
represented with brown color in the maps. 
Detailed changes in built-up in the area from the post-classification of NDBI differencing produced 
three images: 1996-2002, 2002-2017 and 1996-2017 (Figure 13). They were classified into three 
classes: No Change, Moderate Increase and High Increase. Increases in built-up areas were 
significant from 1996 to 2017. Increases were seen in the period of 1996-2002, however most areas 
remained the same in 2002-2017. But new areas were converted to built-up especially in Accra in 









Figure 13. NDBI change post-classification: a) 1996-2002, b) 2002-2017 and c)1996-2017 
Significant changes in built-up in Greater Accra recorded a moderate increase of 92.62%, high 
increase of 4.13% and areas that remained unchanged of 3.25%. most increases occurred in peri-
urban centers in the region towards the north and northwestern areas. Comparisons in built-up 






over 0.58% between 1996 and 2002 (Table 5). However, areas with moderate increase and no 
change in built-up reduced between 1996 to 2002 and 2002 to 2017. 
Decrease of no change areas between 2002 and 2017 may be as a result of conversion of these 
areas into settlements and other built-up structures. 
Table 5. Changes in built-up area (based on NDBI) from 1996 to 2017. 
Class Area in 
ha 1996-
2002 
Area in ha 
2002-2017 
Area in ha 
1996-2017 
Area in % 
1996-2002 
Area in % 
2002-2017 




48.036 101.727 72.825 7.23 4.63 3.25 
Moderate 
increase 
612.153 1886.1 2075.337 92.19 85.91 92.62 
High 
increase 
3.837 207.666 92.628 0.58 9.46 4.13 
 
Visual interpretation of Google Earth images shows a number of infrastructural developments have 










    
Figure 14. Examples of digitized built-up developments based on visual interpretation from 
Google Earth images.  
b) La Palm beach hotel a) Chokor (Slum area) 
c)Tema Port expansion 





6.1 Shoreline Changes 
The first objective of this study was to assess shoreline changes along the coast of Greater Accra 
from 1986 to 2018. The aim was not only to gain knowledge about the changes that have occurred, 
but also to assess the effectiveness of sea defense and impact construction projects in protecting 
the shoreline from erosion. River inlets and lagoon inlets also served as key areas in their 
contribution to shoreline changes. The results showed spatial differences between accretion and 
erosion areas of the shoreline. Major findings showed significant amount of retreat on the eastern 
side of Greater Accra coast, in areas after sea defense walls have been constructed, near Ada. The 
erosion of the shoreline follows along the entire coastline. Boateng (2012) found a total land loss 
of 46.5 ha per year along the eastern coast, a combined total of 18.3 ha of land lost within the 
central coast and a slightly land gained of 0.23 ha within the western coast, mainly due to the 
geological properties of the coast within this area. Even with that, a 0.23ha gained shows periods 
of recession within the study period, confirming the recession rates by other research (Jonah & 
Boateng et al., 2016; Mensah et al., 2016). These results seem quite consistent with the findings 
of Boateng (2012) in which the rate of retreat was about 5 m/yr. However, the analysis consisted 
of different areas within the study area studied. The results are similar to studies conducted in areas 
near the Volta River estuary, with some parts recording between 3.5m/yr to 9m/yr of erosion (Addo 
et al., 2012).  
This may support the fact that, littoral movement along the Gulf is from the central to the eastern 
part of the coast (Figure 2), and thus contributes to sediment transfer in the area. Most of the 
defense walls were constructed across the direction of net longshore sediment transport. Erosion 
was higher after these cross-defense constructions. This affirms the notion that longshore drift 
transport sediments and dispose in other parts of the coast resulting in accretion in these areas 
(Esteves et al., 2002; Ly, 1980). Thus, the construction of sea defense systems like ridges across 
sediment transport will result in starving areas downstream with needed sediments to fill up its 
coast (Addo et al., 2012) (Figure 15). Port construction along the coast has also been documented 
to contribute to shoreline erosion. According to Valadez-Rocha & Ortiz-Lozano (2013), port 
construction and growth throughout history has changed patterns of sediment transport and 
modified shore currents. The expansion of Tema port resulted in landfills over a large area and 
that could be key to blocking sediment transport along the coast (Ghana Ports & Harbours 




6) could be attributed to starvation of sediment influx upstream due to the dam construction and 
other human activities like irrigation and from longshore drift (Ly, 1980). This implies that coastal 
constructions like sea defense structures and ports do not only have socio economic significance 
on the coast but have geomorphological and natural consequences (for example Figure 14). 
 
Figure 15. Example of sea defense structures constructed across the direction of sediment 
transport. Source: Google Earth, 2020 
Another factor that might have contributed to the high shoreline retreat approaching the eastern 
coast is the wave activity in the area. The area near Ningo-Prampram towards the east of Ghana’s 
coast is considered as High energy beach, however characterized by sandy beaches (Boateng, 
2012; Ly, 1980). This makes it susceptible to erosion. Thus, any disruption in sediment inputs 
from the lagoons and river inlets as well as longshore drift blockage, will result in erosion of the 
sands and sediments from the coast. 
This trend was however different on the western coast of Greater Accra, with significantly low 
erosion rate compared to other parts of the coast. Possible reasons are due to the rock formation of 
the coast and sea defense systems along its coast (Addo, 2011). It was observed that the sea defense 
systems proved to be more effective in combating erosion in western coast than on the eastern 
coast of Greater Accra. A possible explanation to this, is the wave activity and the geomorphology 





and is made up of rocky headlands, sand bars and is considered a medium energy environment 
(Boateng, 2012) (Figure 16). There are few sandy beaches within this area found around inlets and 
in between rocky headlands. This makes the areas less susceptible to erosion compared to the 
eastern coast.  
 
Figure 16. Example of rock headlands found on the western coast of Greater Accra. Source Google 
Earth, 2020 
The findings show the importance of sediment influxes and transfer to coastline changes as 
explained by Esteves et al. (2002). Sediment transfer along the littoral drift are important processes 
that supply sand to the beaches along the coast of Greater Accra. Several of these inputs are 
supplied by major river inlets and lagoons along the coast. The activities of waves and tides on 
coastal rocks and beaches, lead to cliff erosion and seabed erosion which provides sediments to 
the sea (Addo, 2011). These sediments are transported along the littoral drift to fill up other areas 
along the coast. The direction of littoral or longshore transport along the coast of Greater Accra is 
from the west coast (Densu delta) to the east coast, towards Ada (Figure 1). Blocking the transport 
path leads to short sediments downstream (Figure 17). 





Figure 17. Example of sea defense structure across the direction of sediment transport showing 
erosion behind it. Direction is from left to right. Source: Google Earth, 2020 
Many sediment inlets could be observed within the study area. The key ones are the Densu delta, 
Sakumuno lagoon, Songor lagoon and the Volta river estuary near Ada. These inlets however face 
different challenges in their sediment supply. Construction activities like dams across rivers 
(Densu and Volta) and rechanneling rivers for irrigation purposes result in blocking sediment 
transfer from upstream to the shores of the coast (Addo, 2011).  Reduction in water volume in 
lagoons and rivers also block the inlets from transporting sediments downstream (ibid). Thus, 
sediment transfer along the coast is usually as a result of cliff erosion of soft rocks on the western 
area of Greater Accra. These factors have contributed to shoreline retreat along the coast of Greater 
Accra. 
Aside from the physical factors contributing to coastal erosion of the coast of Ghana, 
anthropogenic activities have had profound effects on shaping the coast. The central coast is the 
most developed among the three subdivisions and hosts the capital of Ghana, Accra (Boateng, 
2012). The development and expansion of the two international ports in Ghana; Tema and 
Tarkoradi ports (Ghana Ports & Harbours Authority, 2020) has an effect on littoral drift which 






projects along the coast has also contributed to destruction of coastal ecosystems that contribute 
to protection of the coast. 
Due to the severity of effects of shoreline retreat on coastal communities and economy, many 
projects have been conducted to protect the coast (Campbell, 2006). Construction of sea defense 
walls along and across the coasts are visible as one traverses the coast of Greater Accra. Most of 
these sea defense projects are also found in erosion hotspots from the west of Ghana’s coast to the 
east. There has recently begun construction of a sea defense wall on the shores of Ningo-
Prampram, a district within Greater Accra (constructionreviewonline.com.). Despite these 
measures, the coast of Greater Accra continues to suffer from shoreline erosion. There are also 
coastal buffers that lie between the sea and developed areas. According to Boateng (2012), these 
buffers are about 100 to 300 m wide strip, which have been there for several years and have been 
a protective shield against natural causes of shoreline retreat. However, recent developments on 
these buffers by real estate and hospitality firms have made them susceptible to the effect of 
shoreline retreat. Another problem contributing to erosion is sand mining of sandy beaches along 
the shore for construction purposes (Addo, 2011). Unemployment within the area has resorted 
many people into sand mining and selling to locals and companies for construction (Addo, 2011; 
Boateng, 2012). The result is reduced sand to fill beaches where there could be possible erosion 
from wave action. 
The findings of this study show that anthropogenic and natural factors, such as waves, tides, run-
up, coastal constructions, sand mining etc., are the driving factors of shoreline change. The changes 
in shoreline positions are time-dependent and fluctuate from short to long-term  and thus the need 
to factor time variables in the holistic coastline erosion management purposes (Jonah et al., 2016). 
The interest in the coast of Greater Accra by real estate operators, hospitality firms and locals who 
operate sand mining on the coast result in anthropogenic influences on it. To effectively manage 
the social or human component and the natural components that support the coastline, requires an 
integrated management approach. A holistic management approach can lead to a long-term 
sustainability of Greater Accra shoreline. 
6.2 Land use/landcover changes 
The second objective of the study was to assess land use and land cover changes of the Greater 




the region. There were compelling reasons to believe a relationship between built-up and 
vegetation cover in the coast zone. 
6.2.1 Vegetation and mangrove change 
To understand the vegetation cover pattern, a general vegetation and a separate mangrove area 
assessment of changes were conducted in the region. Findings showed spatial and temporal 
increases and decreases in vegetation cover in the study area. Vegetation cover significantly 
declined in the last decade years compared to 1986 and 1996. The findings showed a reduction of 
vegetation (high decrease 1.91%, moderate 15.05%, moderate increase 14.15, and high increase 
1.77) cover between 1996 to 2002. Most of the vegetation reduction occurred closer to the coast 
of Accra and Tema areas. This may be due to increasing population and non-residential built-up 
developments, like industrial and commercial areas (Akubia & Bruns, 2019) and the rise of 
hospitality firms such as Labadi Beach Hotel, La Palm Royal Beach Hotel (Boafo et al., 2014). 
Industrialization and commercialization of the coast have led to migration of people along the 
coast where they are more likely to find jobs. Most of the communities on the shore of Greater 
Accra are traditional communities that hold the property rites of houses and lands to their families. 
The effect of this type of traditional ownership coupled with migration is the rise of many slums 
in those areas (Figure 14a). Stow et al. (2013) have also found a similar pattern of decreasing 
vegetation cover within slum-like areas in the communities along the coast in Accra and 
conversion of vegetation into small residential structures in later years. 
The results show that, though most of the vegetation cover within Accra and Tema remained stable 
between 2002 and 2017, decrease in vegetation continued in the peri-urban communities of the 
region i.e. north and northwest (Figure 9). Areas like west of the region which were predominately 
forests (Addae & Oppelt, 2019) had been converted to residential buildings and settlements. A 
common reason could be attributed to over population and choking of the business centers in Accra 
and Tema. Peri-urban growth results in the conversion of agricultural lands, pastures and forest 
into urban areas (Akubia, 2016), a challenge currently facing the region. 
Analysis of mangrove forested areas showed a general increase of mangrove forest between 1996 
to 2017. However, there were considerable differences both spatially and temporally between 
mangroves in the Densu delta and Volta River estuary. There were losses of mangrove within the 
Densu delta. A possible explanation may be attributed to encroachment and built-up in the Densu 




in Accra. Studies have shown impacts communities have on mangroves through expansion and 
exploitation for medicine, fire wood, and farming (Mensah & Track, 2013). However, to the best 
of my knowledge, there has been limited research on mangroves in the Greater Accra region to 
refer to.  
Mangrove forests have been identified as important habitats for terrestrial and marine fauna, 
breeding grounds for many marine fisheries (Nortey et al., 2016). The biological make-up of most 
mangrove species increases sedimentation by taking advantage to colonize newly deposited 
intertidal sediments (Blasco et al., 1996). Despite the benefits of mangroves to providing social, 
economic and ecological returns to coastal communities, mangroves in the Greater Accra region 
have undergone considerable changes. There have been reports on rainfall decreases as a result of 
mangrove disappearance causing bushfires in certain mangrove communities in Ghana 
(germanyinafrica.diplo.de., n.d.). Mangrove development should be an integral part of coastal 
resource management in Greater Accra and Ghana as a whole. 
The steady increment of mangroves in Ada on the eastern coast of the region (Figure 9) can be 
attributed to awareness creation and empowering the communities about the importance of 
mangroves. Education on the significance of mangrove forest to contribute to clean air and 
alleviate certain diseases have resulted in many in communities, especially women, to partake in 
mangrove replanting. According to a report cited in allAfrica.com (n.d.) on a project by Hen 
Mpoano, one woman recounted, ‘as women, we take care of our husband and children when they 
are ill so we thought we should seize this opportunity to engage in this as health insurance for our 
families’. The communities experienced increases in catch of fish and shrimp and acknowledged 
the positive results of replanting. Support from the Forestry Commission of Ghana to supply 
mangrove seedlings to certain communities in the Volta River estuary has also aided in the 
replanting of deforested mangrove areas (germanyinafrica.diplo.de., n.d.). 
Mangroves in Ghana continue to face challenges of human exploitation. Spatial differences 
between mangroves in the Densu delta and Ada estuary (Figure 10 and 11) indicated impact of 
human activities on mangroves. Proximity of the Densu delta to urban Accra has resulted in built-
up expansion within this site than in Ada estuary. Mangrove reserves are prone to encroachment 
because of increase in population, illegal hunting and unapproved resource extraction 
(germanyinafrica.diplo.de., n.d.). Most mangrove areas are routes to farming areas of some 




conversion for charcoal production (Mensah & Track, 2013). One factor contributing to 
overexploitation of mangrove in Ghana is related to ownership rights of lands to village groups 
such as families and Chiefs (Rubin et al., 1999). This private ownership system of land in Ghana 
makes owners feel they have custody rights and determine what the land is to be used for without 
regard to its implications. Construction of the Akosombo and Kpong dams have also been reported 
to affect mangrove growth downstream due to reduction in flooding into mangrove areas (ibid). If 
this report is to go by, then reductions in mangrove growth in the Densu delta could also be related 
to Weija dam constructed on the Densu river on the west coast of Greater Accra. 
The positive results from community participation in mangrove replanting shows that, creating 
awareness and educating communities about the importance of mangrove can help improve 
mangrove health. Including women in such programs and empowering them can improve the 
situation as well. The findings however support the claim of anthropogenic impact on coastal 
vegetations. A holistic approach to coastal zone management can improve on the negative effects 
of the dams and other human factors on vegetation and mangroves downstream.  
6.2.2 Urbanization/ built-up 
It has been noted at this point that both natural and human factors are the main drivers of change 
on the coast. However, human factors abound more because of the interest in the enormous benefits 
the coastal zone affords. Assessment of urban change/ built-up in the region between 1996 and 
2017 show significant increase over time. Spatial increases built up in the region between 1996 to 
2002 were close to the coast, specifically in Accra and the industrial city of Tema. This result is 
consistent with the findings of LDN (2017), who compared built-up areas in Greater Accra 
between 1995 and 2014. A similar trend was also observed in Addae & Oppelt (2019), which 
showed a concentration of built-up areas close to Tema and Accra between 1991 and 2015. 
However, my finding shows considerable increases in built-up direction away from the coast into 
peri-urban areas of the region between 2002 and 2017. The trends of spatial spread of built-up in 
the region is similar to results reported by Akubia & Bruns (2019) who found an increase in urban 
sprawl in the peri-urban areas of Accra. Peri-urbanization has been considered the most prominent 
form of urban growth in Accra,  and may be the dominant spatial planning challenge of the twenty-
first century (Akubia, 2016). The effects of this type of urbanization is conversion of agricultural, 
grassland and forests into settlements. This assertion is true as Akubia & Bruns (2019), pointed 
out that, increasing population in Greater Accra resulted in conversion of grassland and open areas 




Often decrease in vegetation cover and extent is considered as the negative impact of urban 
expansion. It was observed that, increases in urban expansion coincided with decreases in 
vegetation cover in the area. Most patches of forested areas in the north-western part of the region 
were converted to barren land/built-up in 2017. This observation is similar to the studies conducted 
by Addae & Oppelt (2019). The inverse relationship between urban expansion and vegetation 
cover requires a more holistic approach to management. Treating these cases in isolation may not 
improve the situation but more likely to worsen it, because of lack of information flow between 
both sectors of management. 
Population of cities in the coast continue to increase and suffer from the effects of migration on 
the coastal environment (Yeung, 2001). Greater Accra is not exempted from these challenges. 
According to (LDN, 2017), 4.15 million out of 4.6 million population of the region resided in 
urban areas in 2016; an urbanization level of 90 percent. This means that 90% of the population 
of Greater Accra live in the urban centers of the region. The contiguous areas are those closer to 
the coast and the industrial city of Tema. This overcrowding of urban areas in Greater Accra has 
resulted in extension of settlements into its peri-urban areas and villages previously occupied by 
grassland and forest. 
Although increased population and migration to coastal regions could be the fundamental causes 
to increasing urbanization in the coast, other causes could be identified. The economic boom that 
the coastal zone provides has led growth in the housing sector. Several estates and gated 
communities have emerged in the region and acquisition and ownership of land have become 
competitive (Addae & Oppelt, 2019). Ownership of land in the region is predominantly private 
(Addae & Oppelt, 2019; Rubin et al., 1999). Thus, owners often take advantage of the economic 
benefits to sell their lands to estate developers rather than the traditional use of the land for 
agricultural purposes. Tourism and related facilities development in the coastal region have also 
increased demand for land along the coast (Boafo et al., 2014). A comprehensive and integrated 
management of the coastal zone can help mitigate the negative effects of urban expansion and its 
effects on the ecological ecosystem. 
6.3 Management implication; towards an Integrated Coastal Zone 
Management (ICZM) 
The study provides evidence of changes in built-up and vegetation cover and shoreline position in 




increased between 1996 and 2017 and it is expected to increase (Addae & Oppelt, 2019) in future. 
Shoreline positions were also eroding and may continue to rise, given the various climatic and 
natural conditions. Vegetation cover in the coastal region was also decreasing at the rate 
urbanization is increasing. These observations show interaction between social and ecological 
components of the coastal zone. For example, human activities in the coastal area have led to 
erosion of shorelines especially around the inlets of rivers and lagoons. The building of dams on 
the Densu and Volta River, diversion of rivers for irrigation and agriculture purposes, port 
constructions, sea defense walls, etc. have led to deficiency of sediment transport downstream. 
Another human activity causing problems to the shoreline changes is sand winning of beach sand 
on the shores of Ghana (Boateng, 2012), however, there has not been any enforcement of law to 
battle this. 
Natural resources including coastal resources, are meant to be exploited by humans. It is therefore 
understandable that for efficient management practices, the human component in this socio 
ecological interaction needs to be managed. Complex management practices are utilized based on 
the context and focus of management. Often proposals are made for new management strategies 
that tackle challenges faced in certain contexts. Most policies are aimed towards sustainable 
development and management of environmental resources (Boateng, 2006). Ghana adopted an 
Integrated Coastal Zone Management (ICZM) approach, however, economic sustainability 
remains the central focus in its management strategy (mamiwaterproject.org, n.d.). This study 
shows the importance of use of a holistic approach to the implementation of ICZM in Ghana. 
Studies have suggested new management strategies to manage urbanization and its growth on 
vegetation using the green belt strategy e.g. in Germany (Addae & Oppelt, 2019) and UK shoreline 
management plan (SMP) to manage shoreline change (Boateng, 2012). The green belt strategy 
involves keeping peri-urban cities covered with vegetation and adopting plans to prevent urban 
expansion into these areas. UK SMPs comprise a holistic approach to studying coastal dynamics 
through improved geomorphological understanding and predict the performance of different 
shoreline management policies (Cooper et al., 2001). The UK SMP moves away from the 
traditional hard-engineered coastal defense works to a pro-active long-term assessment of 
shoreline requirements (ibid) in shoreline management. This is lacking in Ghana’s approach in 
managing its shoreline changes with hard-engineered defense works. There is a need to assess 
coastal systems and provide a long-time impact assessment of defense systems on sediment influx 




Despite the importance and usefulness of these management proposals, land use/landcover and 
shoreline changes in the coast are often treated in isolation. A management strategy that combines 
the objectives of the green belt strategy (Germany) and UK shoreline management plan, can help 
manage the social-ecological system of Greater Accra coastal zone. This is vital because of the 
various interactions and impacts that the social and ecological components in the coastal zone have 
on one another. ICZM should not concentrate on only the economic gains from the coastal zone 
but balance all components of sustainability through a more holistic approach. The challenge of 
integrating social, physical and ecological dimensions of the coastal zone is usually geographic 
and related to space. One way to deal with this challenge is incorporation of Geographical 
Information Systems (GIS) as an integral part of ICZM in Ghana. 
6.4 Methodologies in coastal change assessment 
Most coastal countries in Africa face challenges of implementing ICZM in terms of data 
availability and the financial resources for its activities (Boateng, 2006). Ghana faces the challenge 
of available and accessible spatial data for coastal transformation assessments such as shoreline 
changes (Addo et al., 2008) and the need for cost effective analysis (Boateng, 2006) to manage 
coastal activities. 
The third objective of this study was to explore use of freely available spatial data sources, for 
example: Landsat and Google earth images, in data poor regions like my study area. Google Earth 
image was vital in identifying shorelines for change detection analysis. The ability to zoom in and 
out on Google Earth helps to view areas at different resolutions for effective digitization. It also 
proved vital as a reference image for land use and landcover identification in the study area. 
Landsat data proved to be flexible and reliable in multi-temporal land use and landcover change 
detection. The 30m resolution of Landsat images proved significant in viewing images in large 
areas in the region. The methodology used in this study shows the effectiveness of integrating 
Google Earth and Landsat image data for mapping shoreline and land use/landcover changes.  
There were challenges associated with these data sources although free and available. For example, 
the number of images that could be obtained from the study area were limited and confined to 
certain months and dates in contrast to other parts of the globe. In some years, few images that 
were captured were affected by land and scene cloud cover, sometimes difficult to work with. 
Another challenge of the Landsat images used is their resolution, despite not being high, however, 




challenges of cloud cover and clarity. However, images from 1984 were available in the study area 
to present. A combination of these images in land use/land cover and shoreline change analysis 
helps to mitigate the challenges that come from using just one of them.  
Integrated Coastal Zone Management (ICZM) involves incorporating the social and ecological 
components in the coast. To achieve this, knowledge about changes in these components are 
needed to inform management decisions. Changes that occur in the coastal zone have spatial and 
temporal significance and require a robust method for its assessment. GIS has proven to be a useful 
tool to analyse the changes that occur in the coastal zone (Carocci et al., 2009) 
6.5 Limitations  
Every research poses limitations as the research is developed along the line. A major issue was the 
delimitation of the study. This study was confined to analysis of only terrestrial changes of the 
coastal zone, and did not include its ocean or marine component. One considerable limitation to 
this study was time constraints, because this study was conducted within a short period of time. 
Traversing the coast to confirm changes observed in the analysis and ground truths could not be 
done because of the limited duration. There was also lack of data on the human dimension of the 
coastal region which could have been achieved through field work such as interviews and 
participatory GIS (PGIS). However, these were compensated with the use of secondary materials 
from the news outlets, government agencies websites, published papers and knowledge of the area. 
Extensive work could be done on the spatial differences between mangroves in the Densu delta 
and Ada estuary. This can be useful to improve data and research which is lacking in Greater Accra 
mangroves. Further studies on the social dimension could be conducted using interviews and 
participatory GIS (PGIS) in the region. 
Another limitation was the difficulty of acquiring satellite data within the same time periods, 
especially in 1986 to 2000. To deal with this however, I selected images that are farthest, a month 
a part. This made sure that images were at least within the same season to limit seasonal errors. I 
also observed that, using satellite images alone requires back and forth experiments with different 
methods to observe significant variations in results. Using and spending time to do this helps to 







The goal of this study was to assess the spatial and temporal changes that have occurred on the 
coast of Greater Accra using simple GIS techniques. The three specific objectives the study 
showed that it is possible to assess coastal changes with simple GIS methods for data poor regions. 
Significant accretion and erosion rates were observed on the coast of Greater Accra, with the 
highest rate of erosion at Ada estuary. Stable and reduced erosion were seen at different river 
inlets, but consistent erosion occurred on the eastern coast. Major accretion was observed at the 
Tema Port. This may be due to reclamation of an extensive sea area for its expansion. Although 
natural drivers were contributing to changes in shoreline positions in the area, human drivers were 
seen to exacerbate erosion rates. The approach to sea defense constructions worked against the 
natural processes on coastlines. This adds to the knowledge that sea defense systems and coastal 
constructions contribute to beach erosion by blocking sediment transfer. Erosion rates at the Densu 
delta and Volta estuary also shows that sediment influxes from river and lagoon inlets are not 
stand-alone contributors of beach sediments. 
Built-up and vegetation cover had changed significantly between 1996 and 2017, with increasing 
built-up and decreasing vegetation. The spatial increase of built-up between 1996 and 2002 was 
observed close to the coast. Between 2002 and 2017, built-up urban areas like Tema and Accra 
spread to peri-urban areas of the region, towards the north and northwest.  
This observation was different from vegetation cover changes in the coastal region. The period 
between 1996 and 2002 showed decreased vegetation in areas closer to the coast. Decrease in 
vegetation was observed in peri-urban areas and villages in the northwest and north of the region 
between 2002 and 2017. An inverse relationship pattern between urban expansion and vegetation 
was observed, an increase in urbanization and built-up meant decrease in vegetation in the same 
areas. Mangrove areas showed significant increases between 1996 and 2017, with almost all 
increases occurring in the Ada area. There were several areas within the Densu delta mangroves 
that have been lost between 1996 and 2017 It was observed that mangrove areas, especially in the 
Densu delta suffered from human encroachment. This may be attributed to the closeness of this 
area to the capital, Accra. 
These results from shoreline, vegetation cover and urban changes in Greater Accra shows the 




these three components were anthropogenic in nature. Therefore, for an effective approach to 
management of the coastal zone, a holistic approach that integrates these social-ecological 
components is vital. This study also stresses on the need to gain knowledge of the spatial and 
temporal changes that have occurred in the coast for effective integration of coastal zone 
management (ICZM). 
Combination of Landsat and Google Earth images proved to be useful in shoreline digitization and 
change assessment, digitization of reference points, and comparing images from each other for 
consistency. The results show that medium resolution satellite imagery from Landsat, and Google 
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Appendix 1: False Color Composite (FCC) images 
 
  
Spatial and temporal pattern of vegetation cover in the study area based on False color composite. 
Two different band combinations were used for the three Landsat sensors (band 7, 5 and 3 for TM 












Temporal and spatial extent of vegetation cover in 1996, 2002 and 2017. Decrease of vegetation 
could be observed in the coast from 1996 to 2017 
 
 
 
 
 
 
 
 
 
 
